The paper describes the materials with a developed surface fabricated on the basis of electrodeposited copper icosahedral small particles and coatings made of such particles. Increasing the specic surface area of the electrolytic metal is achieved by special heat and/or chemical treatments. Changes in the structure and morphology of icosahedral small particles are analyzed with scanning electron microscopy and X-ray diraction. The specic surface area of the material is determined with low-temperature gas adsorption technique. Annealing of icosahedral small particles and coatings leads to the formation of the porous structure and a forest of whiskers on their surface.
Introduction
Ability of materials to possess a developed surface, i.e. large surface areas, is important in various practical applications, e.g. in catalysis. Numerous catalysts are now widely used not only in chemical industry in the production of chemical compounds, but also for waste and environmental management [1, 2] . In spite of the fact that modern chemical industry has a need in a big amount of catalysts, the majority of catalysts are currently fabricated of expensive materials such as platinum group metals. Except high price the shortcomings of existing catalysts, e.g. those on oxidic or ceramic carriers [3] , include low mechanical stability, high hydrostatic resistance and a relatively low specic surface area (usually no more than 50 m 2 /g) and, as a consequence, low catalytic activity [4] . There is an important task to reduce the cost of the catalysts used by switching to a cheaper base metals and to reduce the amount of materials in a chemical reactor by increasing the catalytic activity.
Promising for these purposes can be all-metal catalysts with a large surface area. The same type of materials with a large surface area are needed in water treatment and purication [5] .
This paper describes the methods for fabricating the materials with a large surface area that are based on copper icosahedral small particles (ISP) of electrolytic origin.
The increase in the specic surface area is achieved by a choice of special conditions for metal electrodeposition, subsequent heat treatment, and chemical etching.
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Experimental procedure
Our technique for obtaining materials with a large surface area can be divided into two stages.
At the rst stage we applied the electrodeposition of metals to coat the substrate with copper microparticles or solid copper layer. As the substrate we used stain- Surface morphology studies were conducted by scanning electron microscopy (NovaNanoSEM 450 and JEOL JCM 6000). Phase analysis was carried out by X-ray diraction methods (X-ray diractometer Shimadzu XRD 7000). The specic surface area was determined by low-temperature gas adsorption technique (Porosimeter Thermo Scientic Surfer).
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Results and discussion
As a result of electrodeposition, copper icosahedral small particles (ISPs) were formed on the stainless mesh in a large amount. A typical example of an ISP is shown in Fig. 1a . There exists substantial literature devoted to the structure and properties of ISPs, for a review see
Ref. [9] . Such particles demonstrate axes of vefold symmetry; their internal structure is characterized by twin boundaries and high-energy defects of disclination type.
Already in their initial state, ISPs possess high level of internal mechanical stresses and store a large amount of elastic energy. Described features of the internal structure and stresses aect the behaviour of ISPs in the temperature elds [6] and in the chemical environment [7] .
By using special processing routes, i.e. etching and annealing, it is possible to spend the stored internal elastic energy on the formation of a new surface and to get, as a result, a developed surface. In particular, in such a way we have fabricated the materials with a large surface area: either in a form of array of CuO whiskers or nanoporous metal/metal oxide coating. In case of heat treatment in air with annealing temperature above 250 • C, the sintering of icosahedral copper ne particles was observed and the formation of CuO whiskers on the particle surface was detected (Fig. 1b) .
Annealing ISPs at higher temperatures (above 400 •
C)
and for longer duration (1 to 3 h) resulted in the formation of voids in the particle interior with a thinning of the outer ISP shell up to nanometer diapason (Fig. 1c) . The optimal annealing temperature in air atmosphere, whereby the surface of the particles was covered by whiskers with maximum surface density (10
−10
11 cm −2 ), laid in the interval 350450 • C (see Fig. 1b) . X-ray diraction demonstrated that the annealed ISPs had a layered subsurface structure with the layers of Cu 2 O and CuO with the whiskers being copper oxide CuO. The methods for the preparation of CuO whisker arrays and the description of whisker structure were discussed in Ref. [8] . boundaries (see Fig. 3a) . By increasing the etching time, the growth of etch pits was observed (see Fig. 3b ), and more time of treatment it was possible to detect the formation of internal cavities (see Fig. 3 ). Because of ISP New Functional Materials Based on Nano-and Micro-Objects. . . (Fig. 4a) , nanoporous
CuO coating (Fig. 4b) or pure copper material with exploded hollow particles (Fig. 4c) . 
